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ABSTRACT 
A Diverging Diamond Interchange (DDI) is a relatively new design of 

interchange that has several advantages over the standard diamond interchange. Two 

of the most notable advantages of the DDI are an increased capacity for turning 

movements and a reduction in conflict point resulting in a safer intersection. Because 

this design is still in its infancy there are not established methodologies for dealing 

with the operations of the interchange. Most studies only offer a basic signal timing 

plan and phasing scheme which are not optimized for efficiency. Therefore, most state 

DOTs implementing a DDI choose to actuate the interchange and use a basic phasing 

scheme to optimize it in the field. This works great for off peak hours but causes delay 

during peak hours.  

This study applies a more efficient phasing scheme for this complex 

interchange and proves that optimization software such as Synchro can optimize the 

interchange with little loss in delay. As well as providing a range of volumes that the 

DDI can operate within and still be efficient. 

This approach to optimizing a DDI using Synchro was tested on the proposed 

location for the first DDI in Texas, located in North Austin at I-35 and RM-1431. The 

effectiveness of Synchro at optimizing the DDI is tested using Webster’s method of 

signal timing.  
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CHAPTER I 

INTRODUCTION 

Background  

 Diverging diamond interchanges (DDI) originally developed in France in the 

1970’s. The first DDI in the United State opened to traffic in 2009, in Springfield, 

Missouri. The intersection of I-44 and the Kansas Expressway would consistently 

have congestion during peak hours that sometimes propagated two miles upstream. 

Now, the same traffic moves through the DDI in a matter of minutes (Missouri 

Department of Transportation ‘MoDOT’ 2010). 

Because of the success of this intersection, and several in France, many more 

states have started implementing these innovating interchanges. As of 2012, seven 

states have constructed DDIs with documented improvement to congestion and delay. 

These states include Missouri, Utah, George, Kentucky, Maryland, New York, and 

Nevada, with more than 17 states currently planning or constructing a DDI 

(MetroAnalytics 2009). 

The diverging diamond interchange has been listed as Popular Science’s “Top 

100 Innovations” for 2009, and was featured in Time Magazine’s Feb 7. 2011 edition, 

and has won the AASHTO’s 2010 Francis B. Francois Award for Innovation 

(MetroAnalytics 2009). 

Characteristics of Diverging Diamond Interchanges 

The diverging diamond interchange is a diamond interchange that is able to 

handle large volumes of left-turn movements. The defining feature of this interchange 

is the through traffic crosses over opposing traffic at a designated intersection and 

drives on the “wrong” side of the road for a short distance before crossing back over at 

another intersection. This allows vehicles turning onto the limited access highway to 

make the left turn without the need for a left-turn signalize intersection. Turning 

movements onto the cross street can be either signalized or yield controlled. The 
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layout of the DDI is shown in Figure 1.1. This increase in capacity can be 

implemented without having to increase right of way or build new infrastructure. It 

can be accomplished using existing overpasses/underpasses, with minor improvements 

to the intersections on either side. 

 
Figure 1.1 Layout of diverging diamond interchange 

Traffic control for this interchange can be adjusted to suit the level or traffic 

coming from each direction. When there are large volumes of traffic on the frontage 

road, the interchange is controlled using 6 lights just like a diamond interchange. 4 

lights control the through movements of the cross street and 2 lights control the left-

turn turning movements into the middle section. This set up is shown in Figure 1.2. 
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Figure 1.2 Traffic control option 1: six lights 

  

The second traffic control option uses yield control on the left-turn turning movements 

of the frontage road similar to channelized right turning lanes in a normal intersection. 

A queue cannot be allowed to build up in the segment between signalized 

intersections, therefore, the use of this method is dependent on the volume of traffic 

turning left onto the cross street. The second traffic control option is shown in Figure 

1.3. 
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Figure 1.3 Traffic control option 2: four lights + yield control 

  

 The change in the intersection’s configuration also causes an increase in safety. 

As shown in Figure 1.4, a traditional diamond interchange has 30 conflict points; 

including 10 diverging conflicts, 10 merging conflicts, and 10 crossing conflicts 

(MoDOT 2010). The conflict points are where crashes are likely to happen, and 

crossing conflicts typically cause the most crashes in an intersection. 
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Figure 1.4 Conflict points for a traditional diamond interchange 

 

 A DDI reduces the number of conflict points down to 18; including 8 diverging 

conflicts, 8 merging conflicts, and only 2 crossing conflicts (MoDOT 2010). These 

conflict points are shown in Figure 1.5. The largest hindrance to safety in a DDI is 

driver familiarity. Drivers being directed to drive on the wrong side of the road could 

cause some confusion until drivers become accustomed to the intersection. However, a 

good public outreach campaign by the local DOT could reduce the amount of driver 

confusion and further improve safety.  
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Figure 1.5 Conflict points for a diverging diamond interchange 

 

Diverging diamond interchanges come with some disadvantages as well. 

Through traffic in this intersection must be controlled and not free-flowing, therefore, 

the capacity for through movements through the interchange goes down slightly. If 

current or projected through traffic volumes are high, then an alternate interchange 

design should be considered.  

Another disadvantage of the DDI is that traffic on the frontage road cannot re-

enter the limited access freeway after exiting the off-ramp. The configuration forces 

traffic to make either a left or right turn and prohibits through movement along the 

frontage road. This could impact businesses that are set up along the frontage road, but 

could be addressed with proper access along the cross street. 
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Current Problems with Diverging Diamond Interchanges 

Missouri’s Department of Transportation (MoDOT) published their findings 

and experiences with the DDI after their first one in Springfield was such a success. In 

this paper they detail the problems they had with design speed and crossover geometry 

and ramp geometry and lane width. They recommended speed limits for turning 

movements and for traveling through the interchange. All of these problems were 

addressed. Stopping sight distance for all approaches was verified, and shoulders 

distances were defined. However, when it came to traffic control operations and signal 

timings, they only offered a signal plan for the second traffic control option outlined 

above that used yield control. They designed a 2 phase interchange with the eastbound 

movements on the cross street in one phase, and the westbound movements in another. 

This phasing allows for small cycle lengths and lets traffic through in bursts. However, 

when the volume of turning movements is high, a queue builds up in the middle 

sections and does not allow any through movement traffic to have access to the 

interchange. This causes major delays. MoDOT was not able to use signal 

optimization software such as Synchro to optimize signal timings for DDI, and instead 

opted to optimize the timing manually in the field and use detectors to run the signal in 

free mode (MoDOT 2010).  

Utah’s Department of Transportation (UDOT) also published their findings 

and experiences after implementing several DDI in their state. They came up with two 

phasing strategies. One phasing scheme emphasized the turning movements from the 

off ramp traffic, and one emphasized through movement traffic on the cross street. 

UDOT determined that if both volumes were heavy during peak hours, then the 

overlap of queues would be difficult to manage. The signal team at UDOT developed 

a phasing strategy that used “dummy” phases that allowed cross over signals to change 

efficiently. However, they did not describe their phasing scheme in this paper. They 

also stated that a signal running in free mode would be able to adjust to the traffic 

better, and did not offer any solution to signal optimization (UDOT 2012). 
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CHAPTER II 

ANALYSIS 

Signal Phasing Structure 

Current methodologies regarding the signal timings and phase structure for 

diverging diamond interchanges are not optimized and generally require the signal 

timing to be in a free mode. This allows for the interchange to react to changes in 

traffic volumes for the majority of the day. However, during peak hours these signals 

lose coordination and efficiency and possibly a loss in safety. 

 Several phasing schemes have been suggested for diverging diamond 

interchange. UDOT mentions in their experience with DDI report that they developed 

a timing scheme using “dummy phases” to create overlaps (UDOT 2012). They do not 

elaborate on this or provide any form of diagram that details their phasing scheme. 

Researchers at University of Nevada, Reno proposed a phasing scheme that is shown 

below in Figure 2.1 and Figure 2.2 (Hu, et al. 2014).  

This Phasing sequence gives a whole phase to one direction on the cross street 

while the frontage road on the opposite approach builds a queue in the middle section. 

After these two cross street phases go, both frontage roads are allowed to pass through 

the intersection. In simulating this phase sequence, it was found that it heavily caters 

to the cross-street and actually hurts the frontage road approaches. The difference in 

level of service between the approaches is quite large. The problem with the frontage 

roads occurs because after phase 4, some of the vehicles that passed through the first 

signal but did not pass through the second signal build a queue in the middle section. 

During phase 5, the frontage road is allowed into the middle, but can’t because of the 

queue causing significant delay on that approach. The same thing happens after phase 

2 and puts delay on phase 7.  
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Figure 2.1 Ring and barrier diagram for diverging diamond interchange 

 
Figure 2.2 Phasing diagram for diverging diamond interchange 
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Figure 2.3 Simplified ring and barrier diagram for diverging diamond interchange 

 
Figure 2.3 Simplified phasing diagram for diverging diamond interchange 

 

Later in the paper they offer a simplified version shown in Figure 2.3 and 

Figure 2.4 (Hu, et al. 2014). This phasing scheme reduces the strain put on frontage 

roads but heavily caters to one direction on the cross-street over the other by giving it 

an entire phase to clear the queue in the middle before the cross-street moves through 

the interchange. This just causes the cycle length to be larger than it is needed and 

increases delay for the other approaches. 
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This thesis proposes a new phasing scheme that is a modification of the 

simplified one shown above that utilizes overlaps and short cycle lengths to efficiently 

move vehicles through the intersection.  

 
Figure 2.5 Proposed new ring and barrier diagram for diverging diamond interchange 

 
Figure 2.6 Proposed new phasing diagram for diverging diamond interchange 

 

As shown in Figure 2.5 phase 2 and phase 6 have the same split time. This 

movement allows traffic on the frontage road to travel into the middle section and 

continue along the cross-street or make a u-turn and travel along the opposite frontage 

road. Phase 7 allows the traffic that was in the interchange when phase 2/6 ended to 
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continue out of the intersection while phase 4 allows cross-street traffic from the non 

critical direction to enter the intersection. This cross-street traffic does not travel all 

the way through the intersection however; phase 7 cuts short right as the traffic from 

phase 4 reaches that light. At which point, phase 8 allows the cross-street traffic along 

the critical direction to travel through the intersection. Phase 3 leads into phase 2 and 

allows the critical movement to travel all the way through the interchange without 

stopping. This phasing sequence can be adapted to the traffic volumes easily. Since the 

frontage road and cross-street exist in separate barriers, the percentage of the total 

cycle length give to each direction is easily adjusted.  

This phasing scheme increases the amount of time that the middle section is 

used. There is always an approach entering the interchange, and if the timings are 

optimized, the frontage road traffic should be able to follow the tail end of the traffic 

from the cross street. This reduces down time for drivers and keeps vehicles flowing 

through the interchange. 

If the frontage road is sufficiently low to not warrant a signalized stop, phase 2 

and phase 6 can be removed entirely as shown below in Figure 2.7 and Figure 2.8. 

 
Figure 2.7 Ring and barrier diagram for DDI with yield controlled left turns 
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Figure 2.8 Phasing diagram for DDI with yield controlled left turns 

 

Using Synchro for Signal Timing Optimization 

Synchro is a macroscopic simulation software that is very user friendly 

compared to others that have signal timing operations like VISSIM. It specializes in 

performing signal timing operations such as optimization, signal coordination, or time 

space calculations (Husch and Albeck 2006). However, Synchro can’t do a lot of the 

computational work or network customization that these other simulation programs 

can. 

Many reports written about experiences with diverging diamond interchanges, 

state DOTs claim that Synchro was not able to process the layout of the diverging 

diamond interchange. They do not go into detail about why they believe Synchro 

incapable of optimizing this layout. 

This section will use the Webster’s method of signal timing to test the 

optimization that Synchro performs on the phasing sequence described in the previous 
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section. The geometric design used in this experiment came from the Case Study: I-35 

and RM-1431 – Round Rock, TX which can be found later in this paper. However, for 

reference the geometry is shown in Figure 2.9.

 
Figure 2.9 Geometry of DDI as used in test of Webster’s method 

 

The volumes used in this experiment were made up based on a larger volume 

on the cross street than on the frontage road, and a significant portion of that volume is 

making a left turn onto the frontage road. The variation in the two test volumes was 

meant to test one example where volumes are relatively equal, and the other one tests 

an example where one volume is significantly larger. The volumes for the two test sets 

are shown in Figure 2.10 and Figure 2.11. 
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Figure 2.10 Volumes for 1st test dataset 

 

 
Figure 2.11 Volumes for 2nd test dataset 
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 Webster’s method is based on the design hourly volume to saturation flow 

rates for each approach. Normally each city will have a standard saturation flow that 

they will use for any intersection, or an engineer can measure it in the field using 

Equation 2.1 or by measuring the saturation headway (h) and using Equation 2.2. 

 

𝑆 = 𝑆𝑜𝑁𝑓𝑤𝑓𝐻𝑉𝑓𝑔𝑓𝑝𝑓𝑏𝑏𝑓𝑎𝑓𝐿𝑈𝑓𝐿𝑇𝑓𝑅𝑇𝑓𝐿𝑝𝑏𝑓𝑅𝑝𝑏   (2.1) 

Where 

S = saturation flow rate for the lane group 

So = base saturation flow rate per lane 

N = number of lanes in the group 

fw = lane width adjustment factor 

fHV = heavy vehicle adjustment factor 

fg = approach grade adjustment factor 

fp = parking lane adjustment factor 

fbb = bus blocking adjustment factor 

fa = area type adjustment factor 

fLU = lane utilization adjustment factor 

fLT = left turn adjustment factor 

fRT = right turn adjustment factor 

fLpb = left turn pedestrian movement adjustment factor 

fRpb = right turn pedestrian movement adjustment factor 

 

𝑆 = 3600/ℎ     (2.2) 

 

For this experiment, not enough data was available, and the interchange in 

question was not easily measurable; therefore, an ideal saturation flow rate of 1900 

vehicles/hour/lane was used. Figure 2.12 and Figure 2.13 shows the volume/saturation 

ratios for the intersection in the case study with the critical approach 

volume/saturation ratios being underlined in green.  
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.  

Figure 2.12 Volume/saturation ratios for 1st test dataset 

 
Figure 2.13 Volume/saturation ratios for 2nd test dataset 
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 Webster’s Method uses the sum of the flow ratios for the critical approach lane 

groups to calculate cycle length. The sum of these critical lane groups for Test 1 and 

Test 2 are shown in Table 2.1. 

Table 2.1 Sum of critical lane group volume/saturation ratios 

  Critical Lane Groups Yc = ∑(V/S) 
Test 1 .263 + .316 0.579 
Test 2 .316 + .395 0.711 

 

 

𝐿 = ∑ (𝑡𝐿)𝑐𝑖𝑛
𝑖=1     (2.3) 

 

Total lost time for the cycle is found using Equation 2.3. Where tL is the lost 

time per phase. This lost time per phase is the start-up lost time plus the clearance lost 

time. Start-up lost time is the sum of the differences between the observed headway 

for each vehicle before headway stabilized, but can be assumed to be 2.0 seconds as a 

default value. Clearance lost time is calculated using Equation 2.4. where  is the 

clearance lost time,  is the yellow time,  is the all-red time, and  is an extension 

of green in which cars are still passing through the intersection on yellow.  

 

𝑙2 = 𝑦 + 𝑎𝑟 − 𝑒    (2.4) 

 

Lost time for this interchange was 4.7 seconds per phase, which came out to 14 

seconds of total lost time. Then the optimal cycle length was found to be 63.3 seconds 

using Equation 2.5. this optimal cycle length is rounded up to the nearest factor of 5 

for use in the NEMA controllers.  

 

𝐶𝑜𝑝𝑡 = [(1.5𝐿)+5]
(1.0−∑ 𝑌𝑖)𝑛

𝑖=1
    (2.5) 
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𝐺𝑒𝑖 = 𝑦𝑖
𝑦1+𝑦2+⋯+𝑦𝜃

    (2.6) 

 

𝐺𝑎𝑐𝑡 = 𝐺𝑒𝑖 + 𝑙𝑖 − 𝜏𝑖    (2.7) 

 

The effective green (Gei) for each phase is calculated using Equation 2.6. 

where Gte is the optimal cycle length minus the total lost time. This is converted to 

actual green time using Equation 2.7, where li is the lost time for the phase and τi is the 

yellow time for the phase. The green times as calculated by Webster’s method are 

shown in Figure 2.14 and Figure 2.15 below. 

 

 
Figure 2.14 Signal timing for Test 1 using Webster’s Method 

 

 

 
Figure 2.15 Signal timing for Test 2 using Webster’s Method 

 

Synchro has a function that will optimize signals based on volume to saturation 

ratios and will give the user the cycle length, split times, intersection LOS, intersection 

delay, many other results. A view of Synchro’s output is in Figure 2.16 below. The 

user has a few inputs to make before the optimization will perform as expected 

though. Yellow time, all-red time, phasing structure, ring and barrier structure, 
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volumes for each movement, network speeds, any network actuation, and any slave 

and master controllers all need to be inputted before optimizing the signals. 

 
Figure 2.16 Screenshot of Synchro’s optimization outputs 

 

For this interchange the data inputted to the simulation was a yellow time of 

3.5 seconds, an all-red time of 1 second, and a network speed of 25 MPH which was 

taken from the recommendations of MoDOT’s published experiences with the 

diverging diamond interchange. Synchro optimized the signals for the interchange. the 

cycle length recommended by Syncrho was exactly the same as the cycle length 

recommended by the Webster’s method. The recommended splits were not exactly the 

same; however, as shown in Figure 2.17 and Figure 2.18, they were very similar. 

 

 
Figure 2.17 Signal timing for Test 1 using Synchro’s optimization 
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Figure 2.18 Signal timing for Test 2 using Synchro’s optimization 

 

 The biggest change that occurs is making phase 3 and phase 7 significantly 

smaller than Webster’s method suggests. This happens because it treats these two 

phases as a short extension of phase 2 and phase 6, used to clear the queue to make 

room for phase 4 and phase 8. This is as intended and is timed based on the time it 

takes to pass all the way through the interchange from the left turn signal.  

 Synchro will try and give phase 3 and phase 7 as little time as it possibly can, 

however, these are needed phases to prevent a queue from building up in the middle 

section. This can be prevented from giving Synchro a minimum green time as 

calculated by the time it takes to get from the left turn movement and clear the 

interchange. 

This proves that the signal timings that Synchro provides for optimization are 

valid timings for the interchange when using this set phasing scheme. This will allow 

engineers to quickly determine a signal timing if they decide to implement a diverging 

diamond interchange. The next section will describe the optimal volume ranges for 

diverging diamond interchanges to be implemented.  

 

Optimal Conditions for Diverging Diamond Interchanges 

 The diverging diamond interchange is best used for interchanges that need to 

accommodate a high volume of left turn movements, and almost no through 

movements along the frontage roads. This section will show the range of traffic 
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volumes that a diverging diamond interchange can operate without being 

oversaturated. This will be shown in units of vehicles/hour/lane. 

 Synchro was used to test the cycle lengths and split times for each approach for 

100 different volume combinations. These volume combinations were created to test 

the effect that each approach had on the cycle length and splits. Each time an approach 

was tested the volume started at 500 vehicles/hour/lane and increased by 10% until it 

reached 1000 vehicles/hour/lane. The combinations of approaches tested each 

approach individually, a combination of the cross-street approaches, a combination of 

frontage road approaches, combinations of all the approaches that led in one direction, 

and all approached at once. 

 The effects of these tests were plotted on graphs grouped with any combination 

of volume changes that used an approach. Two of these graphs that represent the cross 

street factors and the frontage road factors are shown in Figures 2.19 and Figures 2.20 

respectively. More of these graphs can be found in Appendix A; these include factors 

affected by individual movements and the inclusion of the volume combination that 

increased all approaches at once.  
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Figure 2.19 Changes to signal timing as cross-street volumes increased 

 
Figure 2.20 Changes to signal timing as frontage road volumes increased 
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 As seen in the graphs above, the cycle length steadily increased at a predictable 

rate until it reached a certain volume and then it increased much faster until it reached 

150 seconds. It is believed that Synchro would not create an interchange with a cycle 

length of longer than 150 seconds because the delays caused by this would be too 

large. The “knee” in these graphs seems to be 700 vehicles/hour/lane. The volumes up 

until that first knee are volumes that will allow the diverging diamond interchange to 

operate in optimal conditions. For Interchanges with large volumes that are above the 

knee, the design engineer should consider adding an additional lane to the approach 

with a large volume or look at a different interchange type. 
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Case Study: I-35 and RM-1431 - Round Rock, TX 

Background 

The city of Round Rock lies north of Austin, Texas along the I-35 corridor. 

One of the fastest growing major intersections in this growing city is at the 

intersection of I-35 and RM-1431. This intersection is pictured in Figure 2.21. 

 

 
Figure 2.21 Location of case study intersection at I-35 and RM-1431 

 

This intersection is surrounded by a major shopping center and Movie Theater 

as well as the only IKEA store in central Texas. RM-1431 connects the I-35 corridor 

with Cedar Park, another rapidly growing area to the east. To the west lie two large 

health care centers as well as a sub campus for Texas State University and Austin 

Community College. In addition many vacant land parcels are located along this 

section of I-35 awaiting development in the near future. All of these venues attract a 
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lot of travelers from the I-35 corridor to turn onto RM-1431. The layout of this area 

does not prompt a lot of through traffic along RM-1431. 

The Texas Department of Transportation (TxDOT) realized that the growth 

rate of this intersection will soon be such that this intersection as well as the 

intersections along 1431 will all exceed capacity and delay will be significant. HDR 

Engineering and Brown and Gay Engineers were contracted by TxDOT to analyze the 

existing and future conditions along the 1431 corridor and develop both short-term 

and long-term improvements to mitigate congestion (HDR 2012).  

They proposed two alternatives for the I-35/1431 interchange. The first 

alternative was to construct a northbound u-turn lane, this would improve delay by 3% 

in 2014, but by the year 2020 the annual delay would still be more than 1000 veh-hr. 

The second alternative was the implementation of a DDI at the I-35/1431 interchange. 

They found that with this alternative short-term delay would be reduced by 72% and 

by the year 2020 the annual delay would still be less than existing conditions. The 

cumulative delay savings by the year 2020 would be nearly $69 million (HDR 2012).  

The City of Round Rock chose the second alternative, and so the first DDI in 

Texas will be completed by the end of the year 2014. HDR Engineering developed the 

geometric highway design for the new interchange however the City of Round Rock 

will develop the signal timing in the field after construction so as to be able to 

coordinate the signal with other intersections along 1431.  

Traffic Volumes 

Traffic counts for this intersection were taken on January 16, 2014 by Gram 

Traffic, Inc. The afternoon peak hour traffic counts are located in appendix A, and 

have been summed up in Figure 2.22. 
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Figure 2.22 Volumes at the intersection of I-35 and RM-1431 

 
As shown in the figure above, turning movements are larger than through 

movements on all but the westbound through movement. Growth projections done by 

HDR Engineering estimate that traffic volumes in this interchange will be nearly 20% 

greater by the year 2020.  

Simulation 

Synchro 7 was used to build a simulation of the DDI at the I-35/1431 

Interchange. The signal phases were set based on the design laid out in the beginning 

of this chapter and can be seen along with the interchange geometry in Figure 2.23. 

This geometry is based on the design blueprints that Brown and Gay submitted to 

TxDOT shown in Figure 2.24 (TxDOT 2013). 
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Figure 2.23 Synchro geometry and phasing of case study 

 
Figure 2.24 Interchange geometry as set by Brown and Gay Engineering 
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The geometry in Synchro is not exactly the same as the actual design as 

Synchro does not handle the weird 3 part intersection on the west side. However, the 

number of lanes and individual turning lane are all correct.  

Volumes were inputted for the AM and PM peak. The few vehicles that were 

supposed to make a through movement on the frontage road, instead made a right turn 

onto the cross-street. This is the most likely option for what a driver would do in this 

instance, they would avoid the traffic lights and would either make a U-turn down that 

street and then be able to continue down the frontage road, or they would find an 

alternate route to get where they are going.  

 The speed limit coming into the interchange is 60 MPH from the west, 45 

MPH from the east, and 45 MPH along the frontage roads. The speed limit within the 

interchange was 25 MPH; this was set based on the recommendations set forth by 

MoDOT in their experiences with the DDI report.  

Signal Timings 

The four signalized intersections in this interchange all work off of the same 

signal controller, so they were joined using the “cluster editor” in Synchro. This 

process is shown in Figure 2.25 below. 

 

 
Figure 2.25 Synchro’s cluster editor joins the four signals to one signal controller 
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The yellow time for the approaches were calculated using Equation 2.8, where 

T is a constant that represents driver’s reaction time in seconds, V is the velocity in 

feet per second, and a is the acceleration constant representing the rate of deceleration 

in feet per second squared. The yellow time came out to 4 seconds of yellow on the 

cross street and 3 seconds of yellow on the frontage road. 

 

𝑌 = 𝑇 + ( 𝑉
2𝑎

)      (2.8) 

𝐴𝑅 = 𝑊+𝐿
𝑉

      (2.9) 

 The all-red time is calculated using Equation 2.9, where W is the width of the 

intersection that the driver must cross in feet, L is the length of the vehicle in feet, and 

V is the velocity in feet per second. The all-red time for all approaches came out to 1.2 

seconds of all-red time.  

 Since Synchro will try and put the least amount of green time for phase 3 and 

phase 7 that it possibly can, the user must input a minimum green time that it take to 

travel through the middle section. In this case the distance from the end of the left turn 

lane to the next intersection is 450 ft. At 25 MPH it would take 12 seconds to clear the 

interchange.  

 The optimized signal timing that synchro recommends is shown below in 

Figure 2.26 for the AM peak, and 2.26 for the PM peak.  
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Figure 2.26 Synchro’s optimized timing for AM peak at I-35 and RM-1431 

 

 
Figure 2.27 Synchro’s optimized timing for PM peak at I-35 and RM-1431 

  

The next section will show the level of service (LOS) of these two timing plans 

and the intersection delay as compared with a traditional interchange. 

Delay Calculations 
 The LOS of the diverging diamond interchange is automatically outputted by 

Synchro. This LOS has been compiled into Table 2.2. The PM peak is over saturated 

on the west bound cross street. This approach would take a cycle and a half to clear 

the queue, which is still much better than the existing condition. In the morning peak 

hour though, the entire interchange is in a free flow state. 
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Table 2.2 Level of service of the diverging diamond interchange 

Diverging Diamond Interchange 

AM PM 
South Bound South Bound 

Left Left 
C (22.1) B (16.2) 

North Bound North Bound 
Left Left 

B (12.8) D (44.0) 
East Bound @ South Bound East Bound @ South Bound 

Through Through 
B (13.7) B (13.6) 

East Bound @North Bound East Bound @North Bound 
Through Through 
A (0.1) B (10.6) 

West Bound @ South Bound West Bound @ South Bound 
Through Through 
A (0.1) A (0.1) 

West Bound @North Bound West Bound @North Bound 
Through Through 
B (14.6) F (132.8) 

 
 

For such a high volume interchange, these LOS values are really low. The 

improvement that this interchange creates over a traditional interchange can be seen 

when compared with the LOS that a traditional interchange creates. The geometry and 

phasing of the traditional interchange is shown in Figure 2.28. 
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Figure 2.28 Geometry and phasing of traditional interchange 

  

The timing used for the AM and PM peak hours were done with Synchro 

optimization. These timings are shown in Figure 2.29 and Figure 2.30 below. 

 

 
Figure 2.29 AM signal timing of traditional interchange 

 
Figure 2.30 PM signal timing of traditional interchange 
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 The LOS that is produced by the use of these signal timings is shown in Table 

2.3 below. The congestion in this interchange is visibly higher than the diverging 

diamond interchange, especially in the turning movements.  

 

Table 2.3 Level of service of the traditional interchange 

Traditional Interchange 

AM PM 
South Bound South Bound 

Left Through Right Left Through Right 
D (37.4) D (35.6) C (34.2) D (36.7) C (33.8) F (154.3) 

North Bound North Bound 
Left Through Right Left Through Right 

D (38.9) C (32.5) F (181.4) F (243.8) D (38.2) F (228.6) 
East Bound @ South Bound East Bound @ South Bound 

Through Right Through Right 
D (37.3) F (257.5) D (42.8) F (274.0) 

East Bound @North Bound East Bound @North Bound 
Left Through Left Through 

B (14.3) B (14.0) C (21.8) B (17.8) 
West Bound @ South Bound West Bound @ South Bound 
Left Through Left Through 

D (45.9) C (30.4) F (183.2) F (164.3) 
West Bound @North Bound West Bound @North Bound 

Through Right Through Right 
F (275.8) B (14.3) F (365.0) B (16.0) 

 

The changes needed to fix these low LOS values would be much more costly 

and likely include rebuilding the entire overpass that crosses I-35. The diverging 

diamond interchange not only improves the LOS for the cross street through 

movements and all the turning lanes, but it does so much cheaper than any other 

alternative that could be proposed.  

In the Traffic Impact Study that HDR engineering delivered to the City of 

Round Rock (HDR 2012), they projected out traffic to the year 2020. In that report it 
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showed that if the traditional interchange that exists right now were to stay as is 

through the year 2020, all the traffic movements would be oversaturated and 

congestion could potentially back up more than a mile down the frontage roads. With 

a few of the alternatives that were suggested, such as the addition of more lanes or the 

installation of a north bound U-turn lane, the improvement to delay was around 2 

percent. With the diverging diamond interchange the improvement to traffic was 

around 70 percent. The chart that was provided in the Traffic Impact Study is shown 

below in Figure 2.31 where Alternative 1 is the addition of a north bound U-turn lane 

and Alternative 2 is the diverging diamond interchange. The findings presented in this 

paper reflect that of the Traffic Impact Study. 

 

 
Figure 2.31 Annual Network Delay for I-35 and RM-1431 
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CHAPTER III 

CONCLUSIONS AND RECOMMENDATIONS 
  

This paper has presented a discussion of the current state of diverging diamond 

interchanges, and some of the problems that have been found with the signal timings. 

A new phasing scheme was presented that reduced the delay for drivers better than a 

free running interchange. It was shown that Synchro can be used to optimize the signal 

timings for diverging diamond interchanges, and that this optimization is relatively 

close to the timing that is calculated from Webster’s method for signal timing. Finally 

it was shown that diverging diamond interchanges operate most efficiently when 

approaches have no more than 700 vehicles/hour/lane, otherwise the approach starts to 

become over congested and the cycle length starts to get overly long. 

 

Future Research 
 Diverging diamond interchanges are still a relatively new research topic, so 

much can be done to improve upon them and enough that they would be widely 

accepted across the United States and other parts of the world. Areas of further 

research include: studying the effects of nearby intersections on the diverging diamond 

interchange, as well as how the signal timings would be affected by another 

intersection in close proximity. Also it would be beneficial to study the impact that 

through traffic on the frontage road has on the interchange as well as the surrounding 

streets and interchanges. Because that traffic is getting diverted to a turning movement 

and those vehicles have to find alternate routes to get to their destination. 
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APPENDIX A  

ADDITIONAL OPTIMAL CONDITION GRAPHS  

 
Figure A.1 Changes to signal timing as north bound volumes increased 

 
Figure A.2 Changes to signal timing as south bound volumes increased 
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 Figure A.3 Changes to signal timing as west bound volumes increased 

 
Figure A.4 Changes to signal timing as east bound volumes increased 
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APPENDIX B  

SYNCRHO OUTPUT READOUTS 
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